Introduction: In Sri Lanka post partum haemorrhage (PPH) accounted for 12.7% of maternal deaths in 2008. In 2009 The Sri Lanka College of Obstetricians and Gynaecologists carried out an in-service training program to reduce maternal morbidity and mortality from PPH.
Introduction
Primary post partum haemorrhage (PPH), defined as a loss of 500 ml or more of blood within the first 24 hours after childbirth, remains as an important cause of maternal morbidity and mortality worldwide 1, 2 . Obstetric haemorrhage is estimated to occur in approximately 30.8% (95% CI 5.9 -48.5%) of maternal deaths and is the leading cause of maternal mortality in Asia 3 . In 2004, the International Confederation of Midwives (ICM) and the International Federation of Gynaecology and Obstetrics (FIGO) launched an initiative to improve the prevention and treatment of PPH 4 . All professional associations were invited to join this ICM/FIGO initiative. In 2009, the Sri Lanka College of Obstetricians and Gynaecologists (SLCOG) joined this initiative.
Sri Lanka has successfully reduced maternal mortality from approximately 2000 per 100,000 live births in 1930 to 33.4 per 100,000 live births in 2008. Although the rate of decline was dramatic between 1930 and 1970, it is less marked thereafter. PPH remains as the leading cause and accounted for 12.7% of maternal deaths (approx. 4.3 per 100,000 live births) in 2008 5 . This is in spite of approximately 99% of women having hospital deliveries with a skilled birth attendant at delivery 6 , and the routine practice of the recommended active management of the third stage of labour 7 .
Studying only the mortality due to PPH is misleading as deaths constitute only the tip of the much larger iceberg of morbidity. Therefore the study of severe acute maternal morbidity and near miss cases is important 8, 9 . Criteria based clinical audits using this
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concept, have been suggested as being effective tools in improving the management and the quality of care and thus leading to reductions of maternal morbidity and mortality in general as well as in PPH [8] [9] [10] [11] .
The SLCOG developed a training program on the prediction, prevention, early diagnosis and management of PPH, for all intra partum care givers. This training program which is based on international and national guidelines [12] [13] [14] [15] [16] , has been conducted from 2009 in several districts which have relatively higher maternal mortality ratios compared to the other districts in Sri Lanka. The training program includes a lecture discussion, video presentations, a PPH drill and hands-on training stations on: visual estimation of blood loss, management of retained placenta with intra umbilical vein oxytocin injection or manual removal of placenta, bimanual uterine compression, condom catheter uterine tamponade, repair of genital tract injuries, uterine compression sutures, systematic uterine devascularization and internal iliac artery ligation. The training program was conducted at the Teaching Hospital, Mahamodara, Galle (THMG) Sri Lanka in March 2009. The objectives of this training programme were to reduce the case fatality rate and severe morbidity due to PPH, and to improve prevention, early detection and appropriate management of PPH. The outcome of this training programme needs to be measured by detailed input, process and outcome indicators, and indicators used to monitor quality of obstetric care in the management of PPH.
Therefore a criteria based clinical audit on the prevention, early detection and appropriate management of PPH was designed and carried out in the THMG Sri Lanka, based on the SLCOG Guidelines and the Training Program. At the end of this audit, it is expected that areas for improvement would be identified and appropriate measures could be taken to train/re-train all intrapartum care givers in the areas which need such interventions.
Method
Standards were developed for the prevention and management of PPH, based on international and national guidelines [12] [13] [14] [15] [16] . Indicators were developed for monitoring and evaluating the outcome of PPH 8, 9, 17, 18 . Using these standards and the indicators a criteria based audit was conducted at the THMG Sri Lanka during the period 1st June 2010 to 31st December 2011, to evaluate the current status in the occurrence and management of PPH and to measure its outcomes. Ethical approval was obtained from the Ethical Review Committee of the Faculty of Medicine, University of Ruhuna.
Inclusion criteria for maternal morbidity and mortality from PPH
All woman presenting with any of the following conditions after child birth were included.
1. Uterine rupture or inversion.
2. Retained placenta.
Clinical interventions:
Use of blood products or colloids.
Condom catheter insertion for uterine tamponade.
Examination in operation theatre (OT) after vaginal delivery.
Return to OT after operative delivery.
Laparotomy (Includes hysterectomy, excludes caesarean section [CS]).
Admission to intensive care unit (ICU).
Maternal death.
Additional criteria used to assess the management process
• Whether risk factors for PPH were present and if so whether they were identified and appropriate preventive measures adopted The data were stored confidentially in an ongoing computer software database and analyzed using the computer software SPSS 11 (SPSS Inc. Chicago, Illinois, USA). The means with 95% confidence intervals, and the median with the interquartile range were used to describe parametrically and non-parametrically distributed continuous variables respectively. Proportions were used to describe categorical data. The Chi Square test was used to compare proportions and p<0.05 was considered as the level of significance. • Perinatal mortality rate, neonatal mortality rate and still birth rate are used to com-plement the quality of care evaluation
Definition of indicators to monitor quality of obstetric

Results
During the period of study, 61 cases were included for the audit of PPH. The majority (52.5%) were primigravidae between 27 to 31 years of age and only 4.9% were grande multigravidae Table 1 .
Of the 61 cases 59 (98%) were included because of the use of blood products or colloids. One patient managed with condom catheter tamponade without blood or colloid transfusion, and one patient managed with crystalloids and additional oxytocics were also included in the audit. Admission to ICU and examination in OT after vaginal delivery were additional criteria for inclusion of cases in 34% and 33% respectively. The proportions of cases having other inclusion criteria are described in Table 2 . 
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Out of 60 patients who were managed with blood products and colloids, only 57 had blood transfusions. Out of three patients who did not require blood transfusion, two were managed with colloids and one with crystalloids. Out of the 16 patients who underwent major surgical interventions excluding CS in the OT, six were after vaginal delivery and ten were after CS. There had been 96 women with retained placentae during this period and three of them had PPH (Table 2) . 
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Of the 57 patients who needed blood transfusion ten (16%) needed more than five units. One patient who was 40 years old and a para 7 required 15 units of blood, 10 units of fresh frozen flasma (FFP) and 14 packs of platelets (Table 3 ). Due to severe haemorrhage three (5%) patients were transfused uncrossmatched group specific blood as an emergency, 14 (22%) were transfused with FFP and eight (13%) were transfused with platelets. O Negative blood was not transfused.
Of the 61 cases 23 (37%) were considered to be cases of severe PPH. Therefore the rate of PPH in the unit was 642 per 100,000 deliveries with severe PPH occurring in 242 per 100,000 deliveries. Occurrence of PPH in instrumental deliveries (662 per 100,000) was significantly higher than the occurrence of PPH in CS (387 per 100,000) and normal vaginal delivery ( 169 per 100,000) (p < 0.001) ( Table 4 ). There were no deaths due to PPH during this period. Therefore, WLTPPH = 23 and SMMIR and SMOR = 2.4 per 1000 live births. There were no perinatal deaths associated with PPH during this period. 
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Induction of labour (IOL) or augmentation of labour (AOL) was associated with 21 (34%) of cases of PPH. Hypertension in pregnancy and placenta accreta was associated with six (10%) and four (7%) of cases of PPH respectively. Prolonged stage I of labour, prolonged stage II of labour, macrosomia, instrumental vaginal delivery and grande multiparity were associated with three cases (5%) of PPH each. Of the four cases with morbidly adherent placentae, three cases had one or more previous CS. No risk factors were found in 24 (39%) of cases and 12 cases (20%) had two risk factors while three (5%) had three or more risk factors (Table 5 ). Of the 61 cases of PPH 30% and 55% were detected within 15 minutes and 30 minutes respectively, and 5% and 12% received blood transfusions with 15 minutes and 30 minutes respectively. A specialist was involved in the management within 30 minutes in 23% of cases but only after two hours in 18% of cases. In 23% of cases the timing of specialist involvement was not recorded (Table 6) .
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Of the 20 cases shifted to the OT after vaginal delivery, only five (25%) were shifted to the OT within 60 minutes while seven (35%) were shifted to the OT after 120 minutes (Table 7) . Table 8 . Underlying cause of postpartum haemorrhage (n = 61)
Managed with medical treatment 1 9
Hypotonia (n=19)
Managed with condom catheter tamponade 3
Managed surgically 5
Perineal tears 7
Vaginal / Cervical tears 2 3
Placenta expelled + retained tissue 1
Retained tissue (n=6)
Retained placenta 1
Placenta accreta 4
Hypotonia + trauma (n=5)
Trauma + retained tissue (n=1)
Trauma (n=30)
Of the 61 cases of PPH, hypotonia was present only in 24 (39%) and trauma was an underlying cause in 36 (59%). No risk factor was detected in 28 (13%) of cases (Table 8 ). The recorded doses of ergometrine and oxytocin used and the recorded volumes of crystalloids and colloids transfused, is shown in Table 10 . Of 61 subjects 26 (45%) were given colloids prior to blood transfusion. The transfusion of crystolloids was not documented in 10 (16%) of cases. (Table 10 ). Admission to intensive care unit 2 1 34.4
Vaginal packing was carried out in 48% of cases, a hysterectomy in 21% and bilateral internal iliac artery ligation in 8%. ICU care was required in 34% of cases (Table 11 ). The patient's haemoglobin was checked in 40 (65.6%) of cases prior to blood transfusion and 52 (85%) of cases prior to discharge from hospital (Table 12 ).
Discussion
The distribution of age and parity in the women who had PPH probably reflects the age and parity distribution of all the women who delivered in the unit during this period.
The requirement of a blood transfusion or colloid infusion within 24 hours after child birth is the easiest method of identifying cases of significant PPH after the event, and thereby quantifying the rate of PPH. Severe PPH has been defined as loss of one blood volume within a 24 hour period or a loss of 50% blood volume within three hours or a rate of blood loss of >150ml per minute 19 . A pregnant woman is thought to have approximately 100ml of blood volume per kg. Therefore although in the WHO Near Miss Audit, the requirement of ≥5 units of blood transfusion is considered to be a severe PPH and a criterion for severe acute maternal morbidity, in a Lankan pregnant woman at term whose body weight is 50-55 kg even a 1.5 -2 L blood loss can have serious adverse effects. Therefore it would be prudent to consider only the women who required < 3 units of blood transfusion as having had a moderate PPH and this is the basis for the sub categorization and analysis of women who had 3-4 units of blood.
Of the 61 cases PPH, the fact that 20 (32%) had >3 units of blood transfused, and 21 (34%) required admission to the ICU is of great concern. Of the ten (16%) women who required >5 units of blood, the five who required between 7 -12 units and the woman who required 15 units of blood could easily have succumbed to the PPH if the management was sub optimal. Because of the urgency three women had been transfused group specific uncrossmatched blood. The Although a retained placenta was considered as a criterion for inclusion every case with a retained placenta need not have a clinically significant PPH. Only three (5%) of women who had a retained placenta were transfused with at least one unit of blood and therefore were considered to have had a clinically significant PPH.
The rate of PPH in the unit (642 per 100,000 deliveries) is more than 130 times greater than the national case fatality rate of PPH reported in 2008 (4.9 per 100,000 deliveries). This emphasizes the need to carry out audits of this nature. The rate of severe PPH progressively doubled from vaginal delivery to CS to instrumental vaginal delivery and IOL and AOL were the leading risk factor for PPH. This emphasizes the need to properly select women who require IOL, instrumental vaginal delivery and CS, and to anticipate and prevent PPH in these cases and in the event a PPH occurs to detect it early and institute appropriate management.
Trauma (especially vaginal and cervical tears) accounted for 59% of cases of PPH and Tranexamic acid therapy was carried out in 47.5% of cases. This observation combined with the markedly high rate of PPH with instrumental vaginal delivery requires an in depth analysis and appropriate measures should be adopted to address this issue. Although vaginal packing was carried out in 29 cases, in three of them it was probably unnecessary because the underlying cause was considered to be only uterine hypotonia in them.
The fact that a approximately one in three cases of PPH were detected within 15 minutes and more than half the cases were detected within 30 minutes emphasizes the importance of close monitoring of the mother immediately after delivery. Although a specialist was involved in the management within 30 minutes in 23% of cases, the fact that in 18% of cases the specialist was apparently involved in the management of the case only after two hours and in another 23% the timing of involvement of a specialist was not recorded, is of great concern. Similarly that fact that only 25% of cases requiring management in the OT were shifted to the OT within 60 minutes and the fact that seven women were shifted to the OT after two hours is also of concern.
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The rates of hysterectomy and bilateral internal iliac artery ligation were relatively high (21% and 8% respectively) compared to B Lynch compression suture (3%). This too needs an in depth analysis.
The pre transfusion haemoglobin (Hb) being checked in only 65% of cases is acceptable, because in the presence of a severe acute haemorrhage, a clinical decision is taken and the pre transfusion Hb is often not checked. However prior to discharge from hospital a patient with a PPH should have the Hb and haematocrit (Hct) checked. Prior to discharge from hospital, the Hb and Hct being not checked in 15% and 39% of cases respectively, is of concern.
Recording of timing and details of management in the data collection form was found to be incomplete and sub optimal in up to 31% of cases with regard to a few variables. When carrying out such an audit it is important to collect and record all the relevant data because missing data may lead to incorrect interpretations and conclusions.
Conclusions
Morbidity due to PPH is more than 130 times greater than the proportion of deaths due to PPH. During the period of study there were 23 cases of severe PPH and these women could have succumbed to the PPH if not for early and appropriate aggressive management. Proper selection of women is required when embarking on IOL, IVD and CS, to anticipate and prevent PPH in these cases and in the event a PPH occurs to detect it early and institute appropriate management. An in depth analysis is required and appropriate measures should be adopted to reduce the risk of PPH due to vaginal and cervical trauma. Women should be closely monitored during the immediate post partum period and in the event a PPH occurs and if medical management fails, the patient should be shifted to the OT within one hour for appropriate surgical interventions. The specialist concerned should be involved in the management within one hour. The possibility of using appropriate surgical measures to conserve the uterus in cases of severe PPH should be explored. All women who have had a PPH should have the Hb and Hct levels checked prior to discharge. Recording of timing and details of management of PPH in the case notes should be improved.
Following this audit, appropriate remedial measures have been adopted in the unit.
